Forward wave-field extrapolation operators sirnulmte propagation effects from one depth level to another. Inverse wave-field extrapolation operators diminrrtc> those propagation effects. Since forward wavefield extrapolation can be described in terms of spatial convolution. inverse wave-field extrapolation can be described in terms of spatial drc,on~olrrtion. A simple approximation to a stable, spatially band-limited deconvolution operator is obtained by taking the complex conjugate of the convolution operator. A one-way version of the Kirchholf integral that contains the conjugate complex Green' s function is derived. Unlike the situation with respect to the forward problem, the modification of the c~loscd surface integral into an open boundary integral involves an approximation that is identical to the approximation in the conjugate complex deconvolution approach. This approximation neglects the evanescent field and causes a second-order amplitude error.
INTRODUCTION
In one-way seismic modeling and inversion, it is common practice to consider the incident (downgoing) wave field and the scattered (upgoing) wave field separately. One-way seismic modeling is essentially based on fomxwd extrapolation of downgoing and upgoing waves (sitnnhtion of propa- Berkhout and Wapenaar (1989, hereafter referred to as paper I) derived one-way versions of the Kirchhoff integral for forwwd extrapolation of primary waves through inhomogeneous acoustic media. In this paper we derive one-way versions of the Kirchhoff integral for invrrw extrapolation of primary waves through inhomogeneous acoustic media. The expressions that we obtain (commonly known as generalized Kirchhoff summation) have been used previously by various authors (Schneider, 1978; Clayton and Stolt, 1981; Castle, 1982; Carter and Frazer, 1984; Wiggins, 1984; Berryhill, 1984) . The main point of our paper is that we critically analyze the approximations that are involved. One important conclusion is that the inverse extrapolation results are necessarily spatially band-limited. A second conclusion is that second-order amplitude errors are made. Hence, for large contrasts, where the errors would be large, a refinement is required.
THE KIRCHHOFF INTEGRALS WITH FORWARD AND BACKWARD PROPAGATING GREEN'S FUNCTIONS
We consider an inhomogeneous lossless fluid, which is described by the space-dependent compression modulus K(r) and the mass density p(r), where r is a shorthand notation for the Cartesian coordinates (x, y. z). In this fluid we consider a (sub-)volume V enclosed by a surface S with an outward pointing normal vector n. The space and frequency-dependent acoustic pressure P(r, w) satisfies in V the following equation:
where the wavenumber k(r, w) is defined as 
With these two Green' s wave fields, two versions of the Kirchhoff integral can be derived. When we apply the theorem of Gauss. ~Wd"=~ Q."dS S (4) and it is assumed that the acoustic wave field is caused by sources outside V. c(r) represents the space-dependent propagation velocity, and w represents the radial frequency. We define a Green' s wave field G(r, rA, w), which satisfies in V the following equation: to the vector function PV '
( 1 $ VG + IGC; = -p6(r -rA).
where P and G satisfy equations (la) and (2) in V, we obtain the first version of the Kirchhoff integral: where r, = (x~, ya, z,) denotes the Cartesian coordinates of an internal point A in V.
Note that when G(r, r,, W) is a solution of equation (2) On the other hand, when we apply the theorem of Gauss to wave field from S,, to A. This approach is certainly not exact.
the vector function However, it is a very practical solution and therefore we also use it in this paper, but first we critically analyze the (6a) approximations that necessarily occur because the radiation conditions are not satisfied. In our analysis, we consider the where P and G* satisfy equations (la) and ( Next we used equation (11) to inverse extrapolate the data from S,, to the source depth level za, thus violating the condition that A should not be close to the source. AP(r,, w) given by equation (7~) for an inhomogeneous medium. At z = z, the acoustic wave field consists of upgoing waves (including higher order terms) related to the secondary source below z , and downgoing waves (including higher order terms) caused by scattering above z,. Hence, P(r.w)=p+(r,W)+P-(r.,W) at z=zI,
(see Figure 6a) . For the Green' s wave field. we may choose below z = z, (outside v) any convenient reference medium. We choose (. (~,y,~>i:,)=(.(~,y,z,)andp(x,y,z>z,)=p(x,y,z, 
FIG. 5. (a) Inverse extrapolated data at zA [Kirchhoff integral (1 l)]. (b) Maximum amplitude per trace of (a). (c) Inverse extrapolated data at zi [Kirchoff integral (1 l)]. (d) Real part of central frequency component from data in (c). (e) Inverse extrapolated data at zA (Rayleigh approximation). (0 Maximum amplitude per trace of (e).
To analyze this error term, we assume for simplicity VC = Vp=Oatz=z,,. Following the derivation in the Appendix, setting G = 0 and aGPlaz = 0 at z , yields Again the underlying assumption is that the (secondary) source of the acoustic wave field and the source (at A) of the Green' s wave field are not both in the direct vicinity of S, Let us now write the Green' s wave field G ' at z, as the sum of a wave field G,; which propagates directly from A to z = z, (Figure 6b) We may now rewrite equation (20) frequency w, the data are decomposed into monochromatic wave fields P-(x, z~,, w) . Inverse extrapolation of these data to depth level z,., is described by equation (23a); hence. we first need to compute the Green' s wave fields at z,) for many Green' s source points A at z=zA. This is actually aJ' orM,avd modeling problem. By solving the 2-D version of equation (2) After the first two steps, the data may be interpreted as if upgoing waves (related to downgoing source waves) were measured at a reflection-free acquisition surface. Hence, the one-way Rayleigh II integrals (23a) and (23b) may be applied to these data in step (4) (prestack migration). The above processing sequence is also applicable to multicomponent seismic data. In the latter case, the acoustic one-way Rayleigh II integrals should be replaced by elastic one-way 
